The development of miniature circuits that integrate single-photon sources, linear optical components, and detectors on a chip is one of the central research topics in quantum optics. Here plasmonic nanocircuits can play an essential role. So far the integration of quantum light sources into plasmonic circuits has been a challenge. In this work we present a quantum plasmonic nanocircuit driven by a self-assembled GaAs quantum dot.
The development of miniature circuits that integrate single-photon sources, linear optical components, and detectors on a chip is one of the central research topics in quantum optics. Here plasmonic nanocircuits can play an essential role. So far the integration of quantum light sources into plasmonic circuits has been a challenge. In this work we present a quantum plasmonic nanocircuit driven by a self-assembled GaAs quantum dot.
Self-assembled semiconductor quantum dots are widely used in quantum optics. The high refractive index of the semiconductor host material makes it difficult to couple them with surface plasmons. We address this challenge by exploiting an indirect-coupling approach. Our structure consists of a bar of AlGaAs heterostructure, which contains a GaAs quantum dot, and a pair of gold wires on both sides of the AlGaAs bar placed on a SiO2 substrate (see Fig. 1a ). This constitutes an in-plane version of a hybrid waveguide. The hybrid waveguide is transformed into a plasmonic waveguide when the semiconductor bar is tapered. The mode of the hybrid waveguide is concentrated to the semiconductor resulting in efficient coupling with the GaAs quantum dot (Fig. 1b) . This mode evolves into a much more tightly confined plasmonic mode (Fig. 1c) when the structure is tapered. In the simple model structure used here the plasmonic waveguide is terminated with a resonant dipolar antenna (see Fig. 1a) .
We excite the GaAs quantum dot off-resonantly with a stationary laser focus and image the emission at the exciton wavelength (around 780 nm wavelength) by scanning a separate detection focus over the sample. We find emission both at the position of the quantum dot and the antenna (Fig. 1d) . The antenna-coupled emission is brighter than the direct quantum dot luminescence and compared to the emission from comparable dots in an unprocessed bulk crystal the fluorescence via the antenna is also significantly higher. This underlines the fact that converting conventional quantum optical free-space experiments into integrated plasmonic circuits can increase the overall efficiency of the experiment. Finally, we find strong anti-bunching in the cross-correlation between directly and via the antenna emitted photons (Fig. 1e) demonstrating the single-quantum nature of our circuit. We have demonstrated a simple model quantum plasmonic nanocircuit. Based on our approach, more complex devices can be built to, for example, link multiple quantum dots to achieve photonic transistors. Our work shows that by making use of self-assembled quantum dots, quantum plasmonic circuits can be built on semiconductor platforms, and it thus opens the way to integrate electronic, photonic, and plasmonic devices on one semiconductor chip for applications of quantum technologies.
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